Vacuum chambers have wide application for a variety of purposes such as material processing, vacuum gauge calibration, etc. As the dynamic pressure generated in such chamber is non-uniform, in many industrial as well as research processes, it is vital to know the non-uniform gas distribution with associated gas flow regimes and the ways of minimizing these pressure non-uniformities. In the present work, the behavior of gas flow in a vacuum chamber, during continuous gas flow, is described in the pressure range 0.1-133 Pa and the effect of baffle plate in minimizing the pressure non-uniformities is investigated. It was observed that maximum deviations in the pressure occur near the gas inlet point and that the effect of baffle plate in minimizing the pressure non-uniformities is more obvious in the transitional flow regime.
Ⅰ. INTRODUCTION
Vacuum is any air or gas pressure less than a prevailing pressure in an environmental or, specifically, any pressure lower than the atmospheric pressure and is used by a wide verity of scientists and engineering [1] . Increasing demand of vacuum science and technology in industry and research organizations has triggered its applications to wide areas of knowledge and has become an important tool in research and industrial environments. Improvements achieved in vacuum science and technology often contributed to advances in other areas of studies, such as surface physics, metallurgy, food industry, semiconductor technology and display fabrication etc.
In various industrial vacuum processes (like fabrication of semiconductor devices, calibration of vacuum gauges, etc) pressure in the process chamber is generated dynamically. The throughput of the calibration gas-argon or nitrogen-is introduced through a fine control variable leak valve and pumped continuously by a pumping system [2] . Under such circumstances, the pressure in the chamber is determined by the equilibrium between the gas flow in and the gas flow out. As regions of the chamber act as sources and sinks for the gas flow, a nonuniform distribution of pressure occurs over the whole chamber [3] . The term "non-uniformity of gas distribution" refers to the change of the flow, density and pressure values depending on the position in a vacuum system [4] . In [5] , six reasons have been given for non-uniformity of gas distribution, which are: The effects of nonuniform gas distribution, likely to occur in practice, have been the subject of many recent detailed investigations [6] . P. Repa et al. [3] have measured pressure differences of a few percent between various positions for gauges on a vacuum chamber in the range of 10 Horikoshi et al. [7] have shown, by obtaining some functional relations, that even in a one-dimensional model of gas flow, the pressure is not constant in a vacuum chamber (in the range of 10 -1 -1 Pa) during dynamic gas flow. The results of these studies have in turn influenced the techniques used in obtaining meaningful measurements [6] .
In order to suppress the influence of sources of non-equilibrium and pressure nonuniformity, the chamber has to have a suitable shape, it has to be sufficiently large, the gas after admission should be scattered by impinging on the walls, etc [8] . The stream of gas is scattered in order to achieve a uniform pressure distribution [2] . Baffle plates are usually used for this purpose. An appropriate position of a baffle is also essential, since it scatters the molecules by itself, thereby changing the spatial distribution of the gas [9] . 
II. THEORY
Simplified analysis of vacuum systems considers the gas to be Maxwellian, with uniform characteristics [5] . In addition, for such systems, it is assumed that gas molecules neither interfere with each other nor interact with the surface at which they collide.
After collision with the surface, molecules leave it in a diffuse way according to the cosine distribution of direction and reenter the gas phase with an average kinetic energy corresponding to the temperature of the surface. The incidence rate of molecules on a plane within the volume is independent of the normal orientation to the plane. The gas system under such conditions is termed as isotropic for which the kinetic theory of gases provides a straightforward relationship between the number density of molecules and pressure [10] . Unfortunately, a real vacuum system can seldom be considered to contain a Maxwellian gas [5] . The isotropic state is disturbed by the dynamic molecular flow of gas resulting from localized or distributed (usually both) sinks and/or sources.
Depending on their contribution to the process, these sources and/or sinks cause nonuniform and non-isothermal gas flow in the pumped vessel. Industrial vacuum equipment subject to dynamic working conditions does not permit isotropic gas conditions at reduced degree of rarefaction. Such systems are termed as "nonisotropic" systems. The system under consideration is a nonisotropic system working in the medium vacuum range of 0.1-133 Pa.
With the active development of semiconductor fab- For gas consisting of molecules of same diameter, the mean free path can be calculated from [14] :
Where T (K), p (Pa), and   (m) are temperature, pressure and diameter of the gas molecules respectively.
For nitrogen gas the value of   is 3.78 × 10 -10 m. At room temperature (23℃), equation (1) reduces to:
By using this equation we can calculate the mean free path and, hence, the values of Knudsen number in a vacuum component which, in turn, can give us information on the type of gas flow in the chamber.
III. EXPERIMENTAL SET-UP AND PROCEDURE
The dynamic flow control system is shown in Fig.   1 . This system consists of a large vacuum chamber of 36.65 l capacity which is pumped by a high vacuum pumping unit consisting of a turbomolecular pump (pumping speed = 560 l/s for N 2 ) and a scroll pump (pumping speed 300 l/min). These two pumps can be used for the production of clean vacuum. As the in- 
IV. RESULTS AND DISCUSSION
On closing the GV at pressure less than 6×10 -6 Pa, a constant throughput of the test gas was delivered to the chamber through MFC 2. After some time, when the gas molecules become in dynamic equilibrium within the chamber, the gas throughput was gradually increased, step by step, until the whole pressure range was covered. It was observed that af- ter each throughput of the test gas, the gas molecules become in dynamic equilibrium within the chamber in about 25-30 minutes as shown in Fig. 2 . This time of dynamic equilibrium is different for different systems depending on the system basic characteristics, like, volume, pumping speed, etc.
The graph of gas flow versus generated pressure (CDG3) in the chamber without baffle is shown in Fig.   3 . It is clear from the graph that its slope (∆p/∆q) decreases as pressure rises. This means that more gas flow is required in order to raise pressure through same increment as we go up the graph.
The relation between mean free path λ of the gas molecules versus gas flow in the chamber without baffle is shown in Fig. 4 . The value of λ is calculated from equation (1) in which p is the average generated pressure i.e. the mean of all five CDGs readings.
In order to describe the type of gas flow in the chamber, the value of Knudsen number Kn is calculated at different values of the average generated pressure as given in Table 1 
V. CONCLUSIONS
A cylindrical-shaped vacuum chamber of 36.65 l capacity was experimented for pressure uniformity in the range of 0.1-133 Pa during dynamic gas flow. It was observed that maximum pressure differences occur at points near to the gas source (gas inlet port).
In addition, the effect of baffle plate on reducing the pressure non-uniformities in the chamber was also 
